Abstract: Monochorionic (MC) twins are characterized by prenatal intertwin placental anastomoses, which can lead to twin oligo-polyhydramnios sequence (TOPS) or twin anemia-polycytemia sequence (TAPS). Symptoms of both TOPS and TAPS may interfere with symptoms of parvovirus B19 (B19V) infection. We describe here the course of an MC twin pregnancy with prenatal B19V infection and intrauterine death of one twin. Both the antenatal and postnatal diagnoses of B19V infection require a detailed approach including serology, DNA analysis, and specific fetopathologic investigation.
Introduction
Maternal parvovirus (parvovirus B19 [B19V]) infection can result in transplacental transmission [9, 14, 18] . The virus may replicate in fetal erythroid progenitor cells and infect fetal tissues [13, 18] . Both anemia and myocarditis can cause nonimmune hydrops fetalis and perinatal death [4, 14] . In case of B19V infection during pregnancy, frequent ultrasound examinations are necessary to detect fetal anemia and/or cardiac dysfunction at an early stage [4] . Vice versa, if ultrasound suggests fetal anemia, B19V infection should be included in the differential diagnosis [1] .
Monochorionic (MC) twins are characterized by intertwin placental vascular anastomoses being the substrate for the development of twin oligo-polyhydramnios sequence (TOPS) and twin anemia-polycytemia sequence (TAPS). The ultrasound appearance of both forms, TAPS and TOPS, may interfere with signs of B19V infection [8] .
Presentation of the case
A 27-year-old woman, gravida 2, para 1, was referred with a monochorionic diamniotic twin pregnancy at 18 weeks. The course of pregnancy had been uneventful before and the mother had no symptoms of any infectious disease. Ultrasound revealed growth restriction below the 3 rd centile, oligohydramnios with a deepest vertical pocket of 1.2 cm, cardiomegaly (cardiac/thoracic area ratio: 0.66), hyperechogenic bowel, and ascites in twin 1. Doppler velocimetry in twin 1 demonstrated an absent diastolic velocity in the umbilical artery, increased pulsatility in the ductus venosus, and a pulsatility index of veins of 1.0 ( < 2 SD) and a high peak systolic velocity (PSV) of 71 cm/s ( > 2 SD) in the middle cerebral artery (MCA). Growth, amniotic fluid, and Doppler findings of twin 2 were normal apart from a PSV in the MCA in the upper normal range (32 cm/s). Severe anemia was suspected in the smaller twin and maternal blood was sent for TORCH analysis. The patient was tested positive for anti-B19V IgM and anti-B19V IgG antibodies by a commercial enzyme immunoassay (Biotrin International, Dublin, Ireland) and was scheduled for cordocentesis and intrauterine transfusion (IUT) whereby the Socol method is used to calculate the necessary blood volume. Unfortunately, twin 1 developed severe bradycardia shortly after transfusion of 5 mL of blood and died due to cardiac decompensation approximately 70 min after the transfusion. Twin 2 also received 5 mL of blood and survived. Hemoglobin count was not performed in twin 1 due to the poor condition but rose from 10.3 to 13.0 g/L in twin 2. Frequent sonographic examinations (every second day in the first week and weekly thereafter) were performed to exclude fetal anemia due to intrauterine death (IUD) of one twin and parvovirus infection. The maximal velocity of the MCA remained stable until delivery and the course of pregnancy of the surviving boy was uneventful, including spontaneous vaginal delivery at 39 weeks. Birth weight was 3080 g, hemoglobin level was 18.7 g/dL, arterial cord blood pH was 7.23, and Apgar scores were 8 and 10 at 1 and 5 min, respectively. Results of physical examination such as abdominal and cranial ultrasonography were normal. Also, the further development of this boy up to 2 years of life remained uneventful.
The fetus papyraceus demonstrated with a normal heart and no further malformations ( Figure 1 ). B19V DNA was detected by LightCycler-based real-time polymerase chain reaction [12] , given as genome copies/µg (Roche Diagnostics, Germany. Laboratory Prof. Enders Stuttgart, Germany). Parvovirus was found in cardiac and pulmonary tissues of the fetus papyraceus and in the placental and umbilical cord of both twins, but at much higher concentrations of the dead fetus (Figure 2 ). Gross and immunohistochemical examination of the placenta showed patterns with intracellular parvovirus inclusions ( Figure 3 ).
Discussion
B19V is particularly vulnerable to cells in the S-phase of active DNA mitosis, a reason the fetus is at specific risk [2] .
Its tissue distribution is related to the P antigen (globoside), which is found not only in the human bone marrow but also in fetal cardiac myocytes [2, 11] . The possibility of long-life asymptomatic persistence of B19V in heart tissue and the possibility of viral reactivation are described by Schenk et al. [13] .
After infection, red blood cell precursors arrest to mature and erythropoietin and platelets decrease. Maternal symptoms such as fever, headache, erythematous rash, arthralgia, and arthritis are not specific enough to allow a clinical diagnosis, as shown in this case, where the fetal symptoms were the clue in differential diagnosis.
B19V infection in an MC twin gestation has been described twice, by von Kaisenberg et al. [15] and by Weiner and Naides [16] .
There are several aspects that make this case special: -First, the differential diagnosis of ascites, symptoms of anemia, and/or cardiac decompensation in MC twins involves more than TOPS or TAPS. The sonographic markers of anemia and myocardial dysfunction can vary and even interfere with or worsen preexisting symptoms of both TOPS and TAPS. This also holds true for MC twins with one IUD, as in this case, with increased risks for the development of TAPS in the surviving twin [8] . -Second, it has been stated by von Kaisenberg et al. [15] that "while discordance for B19V has been described for DC twins, discordance in MC twins must be almost impossible, given that viremia in one must cause 
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Weiner and Naides [16] viremia in the other, likewise, anemia in one must result in anemia in the other". Our case demonstrates that this is not necessarily true, although one could expect that transplacental transmission results in similar infection rates in both twins. -Third, MC twins are monozygotic, and one would theoretically expect a similar distribution of the P antigen and, thus, a similar tissue distribution of B19V. The prenatal and postnatal findings show that it is not the case. It may be speculated that the viral load of both twins differed due to discrepant placental sharing and hemodynamics. In addition, the infection of the surviving twin was mild and transient. Nevertheless, B19V DNA had been proven at different concentrations in the umbilical cord and placental tissue of both twins.
Parvovirus infection has been described in DC twin pregnancies [1, 4-7, 10, 14, 17, 18] , whereby B19V led to IUD of one twin but did not affect the cotwin [5-7, 10, 14, 17] (see also This is the first case report of MC twins with one IUD due to B19V infection. Diagnosis was too late to save one twin in spite of IUT.
In addition, the infection might had "tipped over" a marginal fetus who clearly had a growth restriction and cardiac adaptions. However, we do not expect that the fetus died that early from growth restriction alone.
Nevertheless, Nagel et al. [9] examined 16 survivors of prenatal B19V infection, finding that 32% of the children demonstrated delayed psychomotor development and suboptimal neurological findings. Surprisingly, neurodevelopmental findings did not correlate with the severity of anemia. It was hypothesized that B19V may also invade and damage the fetal cerebral nervous system. Therefore, some authors favor routine postnatal brain ultrasound imaging, MRI, and systematic neurodevelopmental follow-up [3] .
The findings of different concentrations in fetal tissue as demonstrated here support that the mechanism of viral distribution is not yet completely understood and that similar genetic endowments do not lead to the same course of outcome. Our report may still sensitize clinicians to consider B19V infection in atypical courses of MC twin pregnancy.
